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(54) PHOTOSENSmVE RESIST COMPOSmON CONTAINING SIUCON AND METHOD 
FOR USING THE SAME 

(57)Abstract: 

PURPOSE: To provide the composition that is 
stable to environment and can be developed with an 
aqueous base by using siloxane polymers each of 
which contains phenolic hydroxyl groups and is 
partially esterified with diazonaphthoquinone groups, 
as components of the composition. 
CONSTITUTION: This composition consists of 
siloxane polymers each having phenolic hydroxyl 
groups, namely: polyCp- 
hydroxybenzylsilsesquioxane-CO-p- 
methoxybenzylsilsesquioxane-CO-p-(2- 
diazonaphthoquinonesulfonyloxy) silsesquioxane) 
represented by the formula I; poly(p- 
hydroxyphenylsilsesquioxane- CO-p- 
methoxyphenylsilsesquioxane"CO-p-(2-diazo-1- 
naphthoquinonesulfonyloxy) silsesquioxane) 
represented by the formula II; and poly(methyl-p- 
hydroxybenzylsiloxane-CO-methylp- 
methoxybenzylsiloxane-CO-methyl-p-(2-diazo-1- 
naphthoquinonesulfonyloxy)siloxane) represented by the formula III. 
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[57] ABSTRACT 

Photosensitive silicon-containing resist compositions 
comprising hydroxyphenylsilsesquioxanes and siloxanes 
partially estersified with diazonaphthoquinone sul- 
fonyloxy groups for imageable O2 REE barrier films. 
Methods for forming image patterns on substrates using 
these photosensitive silicon-containing resist composi- 
tions are also provided. 

4 Qaims, No Drawing 
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cast from NMP as solvent; mechanical integrity during 

SILICON-CONTAINING POSITIVE RESIST AND extended O2 RIE, there should be no cracking, crazing 
USE IN MULTILAYER METAL STRUCTURES or image flow during image transfer; good adhesion to 

the underlying polymer at all levels of processmg; and 
This application is a continuation of application Ser. 5 compatibility of the resist with the underiayer such that 
No. 07/876,277, filed Apr. 30, 1992, now abandoned. resist application causes no cracking or surface cramg 
FIELD OF THE INVENTION ^ underiayer. In addition to these requirements, the 

resist should provide defect-free films, should have 
This invention relates to photosensitive silicon-con- good shelf-life, reproducible performance in terms of 
taining resist compositions comprising silsesquioxane 10 dose requirement and image resolution, and should be 
and aromatic siloxane resins having diazonaphthoqui- stable to environmental effects, 
none sulfonyloxy groups covalentiy bonded thereto. 

The invention also relates to the use of these photosensi- SUMMARY OF THE INVENTION 

tive sihcon-containing resist compositions as imageable It is an object of this invention to provide one-compo- 
O2 RIE (reactive-ion-etch) barrier films. Such barrier 15 nent, silicon-containing, environmentally stable, aque- 
films are particularly useful in bilayer lithographic pro- ous base developable, positive resist systems for use as 
cesses to pattern polyimide underlayers in the fabrica- O2 RIE resistant imaging layer in bilayer lithography to 
tion of multilayer interconnect structures. pattern soluble polyimide underlayers in lift-off metalli- 

BACKGROUND ART f^l'^^ ^^^^ S^^'^T?- ^f^r^y^^^^-f dielectric 

20 layers in the fabncation of thin (ilm multilayer-metal 
Imageable silicon-containing polymer films compris- structures, 
ing components which impart resistance to oxygen For successful application of a bilayer process in the 
reactive-ion-etching (O2 RIE) have utility as resist lay- fabrication of multilayer thin film structures in packag- 
ers in bilayer lithographic processes wherein a resist ing technology requiring relatively thick underlayers, 
pattern is transferred into underlying polymer films by 25 the imageable O2 RIE mask must have the following 
O2RIE with the top layer serving as a RIE mask during necessary functional characteristics: High 2 etch resis- 
the etching process. Bilayer lithographic approaches tance to provide high etch-rate-ratio with respect to the 
are preferred over the standard tri-layer or multi-layer underlying polymer layer; mechanical integrity during 
resist (MLR) processes because they require fewer op- extended RIE, i.e., there should be no cracking, craz- 
' erations and thus provide process simplification. The 30 ing, or image flow; good adhesion to the underlying 
MLR processes are generally based on a three layer polymer at all levels of processing; compatibility of the 
stack comprising an organic polymer underlayer/RIE resist with the underiayer such that the resist applica- 
mask/imaging layer structure in which the RIE mask tion causes no cracking or surface crazing in the under- 
may be silicon oxide, silicon nitride, silicon oxynitride, layer. In addition to these requirements, the resist 
plasma deposited organosilicons or solution coated si- 35 should provide defect-free films, good shelf-life, repro- 
loxane polymers including "glass resins", or silicon ducible performance in terms of dose requirement and 
containing polyimides, and the imaging layer is formed image resolution, and preferably be free of sensitivity to 
from any of the standard photoresist formulations such environmental contaminants, 

as AZ 1350J or other positive or negative working This invention also provides imageable O2RIE bar- 
photoresists well known in the art. 40 rier with high etch resistance such that less than about 

Fabrication of high density multilayer copper/polyi- 0.5 thick barrier film is sufficient for replication of 
mide interconnections in thin film technology utflizing its pattern into more than 10 ftm thick polyimide under- 
dry-etch techniques, .generally requires extended O2 layers by dry etching using O2 RIE. 
RIE to etch patterns into relatively thick polymer un- Another object of this invention is to provide bilayer 
derlayers. Commonly used underlayers in high temper- 45 hthographic schemes for process simplification in the 
ature metallization processes include soluble polyimides fabrication of thin-film multilayer structures whereby 
for metal hfl-K>ffschemes and polyimide dielectric mate- residue-free patterns are formed in underlying poly- 
rials for insulating metal circuits. imide dielectric and lift-off polyimide films. 

Typical multilayer lithographic schemes in thin film Another object of this invention is to provide a 
fabrication are described in U.S. Pat. Nos. 4,789,648, 50 method of forming planar metallized stniaures with 
4,770,897, and U.S. patent application Ser. No. polyimide dielectric having low TCE (Thermal Coeffi- 
07/740,760, filed Aug. 15, 1991, Attorney Docket No. cient of Expansion) using bilayer lithography to pattern 
FI9-91-086 the disclosure of which is incorporated the polyimide, followed by metallization using metal 
herein by reference, which describes applications of plate-up techniques or dry deposition (sputtering or 
low TCE polyimides as improved insulator for high 55 e-beam evaporation), and planarization by chemical- 
conductivity metallurgical circuits in semiconduaor mechanical polishing or other methods to form planar 
device and packaging technologies. structures. 

Bilayer lithography offers an alternative method of Yet another object of this invention is to provide 
patterning polyimide underlayers by dry etching and bilayer lithographic process for lift-off metallization 
can provide significant simplification in the overall 60 with soluble polyimide underiayer thickness up to 25 
process. However, successful application of a bDayer p,m with no cracking or surface crazing of the poly- 
process in the fabrication of multilayer thin film struc- imide on application of the imaging layer or during any 
tures using polyimides requires that the top resist mask of the subsequent processes including lithography and 
(imageable O2 RIE mask) have the following functional Q2 RIE. 

characteristics: high O2 etch resistance to provide high 65 A further object of this invention is to provide a 

etch-rate-ratio with respect to the underlying polymer bilayer lithographic method as a superior alternative to 

layer; no change in lithographic performance when the laser etch process to form via patterns in polyimide 

used in conjunction with polyimide underlayers that arc dielectric films. 
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In accordance with the present invention, a photosen- 
sitive siHcon-containing resist composition is provided 
which comprises a phenolic-hydroxy-containing silox- 
ane polymer partially esterified with diazonaphthoqui- 
none groups selected from the group consisting of the 
poly(p-hydroxyben2ylsilsesquioxane-cc>-p-methoxyben- 
zy lsilsesquioxane-co-p-(2-diazo- 1 -naphthoquinonesul- 
fonyIoxy)silsesquioxane represented by the formula 
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(3) DQ is a 2-diazo-l-naphthoquinone-4 residue, a 
2-diazo~l-naphthoquinone-5 residue as represented 
respectively by the formulas 



CVU) 



the poly(p-hydroxyphenylsilsesquioxane-co-p-methox- ^ 
yphenyIsilsesquioxane-co-p-(2-dia20- 1 -naph- 
thoquinonesulfonyloxy)silsesquioxane) represented by 
the formula 



25 





(vin) 



30 



and the poly(methyl-p-hydroxybenzylsiloxane-co- 35 
methyl-p-methoxybenzylsiloxane-co-methyl-p-(2- 
diazo- 1 -naphthoquinonesulfonyloxy)siloxane) repre- 
sented by the formula 
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wherein 

(1) R is either H or Si(CH3)3, 

(2) Ar is p-hydroxyphenyl, p-methoxyphenyl or p-(2- 
diazo<-l-naphthoquinonesulfonyloxy)phenyl as rep* 
resented respectively by the formulas 




(IV) 



55 



OH 



60 




(V) 



65 



OCH3 



or roixtures thereof, 

(4) n is an integer from 5 to 9, and o and p are, inde- 
pendently, 0 or 1, and 

(5) the molar ratio of p-hydroxyphenyl group to p- 
methoxyphenyl group to p(2-diazo-l-naph- 
thoquinones ulfonyloxy)phenyl group is in the 
range from 75:20:5 to 30:50^0. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

According to one embodiment of the present inven- 
tion, a photosensitive silicon-containing O2 etch resis- 
tant resist composition comprising a poly(p-hydrox- 
ybenzylsiisesquioxane-co-p-methoxybenzyl-silsesquiox- 
ane-co-p(diazonaphthoquinonesulfonyloxy-benzylsil- 
sesquioxane is formed by reacting a 2^iazo-l-naph- 
thoquinone-4-sulfonyl chloride, 2-diazo-l-naphthoqui- 
none-5-sulfonyl chloride, or mixtures thereof with the 
phenolic —OH groups of a poly(p-hydroxybenzylsilses- 
quioxane-co-p-methoxybenzylsilsesquioxane). The 
starting silsesquioxane resins and thdr preparation are 
described in the U.S. Pat No. 4,745,169 (Hitachi). The 
starting copolymer silsesquioxane is prepared from po- 
ly(p-methoxybenzylsilsesquioxane) by partial demethy- 
lation of the methoxy (-— OCH3) group according to 
known methods. 

A similar process may be used to form analogous 
silicon-containing resist systems from poly(p-hydroxy- 
phenysilsesquioxane-co-p-methoxyphenylsilsesquiox- 
ane) and poly(methyl-p-hydroxybcn2ylsiloxane-co- 
methyl-p-methoxybenzylsiloxane). The resultant 
poly(p-hydroxyphenylsilsesquioxane-co-p-methoxy- 
phenylsilsesquioxane-co-p-(2-diazo-l-naph* 
thoquinonesulfonyloxyphenyl)silsesquioxane) and 
poly(methyl-p-hydroxybenzylsiloxane-co-methyl-i>- 
methoxybenzylsiloxane-co-methyl-p-(2-diazo- 1-naph- 
thoquinonesulfonyloxy)ben2ylsDoxane) compositions 
exhibit lithogr^hic properties somewhat inferior to 
(but still quite useful) poly-(p-hydr&xybenz>'lsilsesqui- 
oxane-co-p-methoxybenzylsilsesquioxane-co-p- 
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(diazonaphthoqumonesulfoyloxy)beiizylsi]sesquiox- 
ane). 

According to the present invention, improved photo- 
sensitive silicon-containing resist compositions for bi- 
layer resist processes are prepared by the partial esierifi- 
cation of the available phenolichydroxy (—OH) groups 
of the starting silscsqnioxane or that of the siloxane 
polymer with 2-diazo-l-naphthoqninone-4-sulfonyl 
chloride, 2-dia20-l-naphthoquinone-5-s\ilfonyl chlo- 
ride, or mixtures thereof in aqueous acetone in the pres- 
ence of sodium carbonate; the product is precipitated in 
acidified water and recovered by filtration followed by 
repeated washing with deionized water and drying 
under vacuum. It has been found that when the relative 
ratio of the three functional groups (OIL-OCH- 
3:OS02DQ) falls within the range specified in Table 1 
below. The resulting resist films show unique properties 
in terms of lithographic performance arid mechanical 
integrity, and etch resistance during pattern replication 
in relatively thick polyimide underlayers which gener- 20 
ally require extended O2 RJE 

TABJ.E 1 



10 



15 



Functionality 


% by weight 


—OH 


75-30 


— OCH3 


20-50 


— OSO2DQ 


5-20 



25 



It has been observed that photosensitive polymer 
^formed from a completely demethylated polymer, po- 30 



subjected to extended O2 RIE which is necessary for 
pattern replication in thick polyimide underlayers. 

Since, according to the present invention, the photo- 
sensitive moiety is covalently bonded to the resin ma- 
trix, the resist formulations are prepared by simply dis- 
solving 5-20% of the photosensitive silicon-containing 
resist composition, such as poly(p-hydroxyben2ylsilse&- 
quioxane-co-p-methoxybenzylsilsesquioxane-co-p(2- 
diazo- 1 -naphthoquinonesulfonyloxy)silsesquioxane) in 
propylene glycol monomethylether acetate (PM ace- 
tate) requiring no additional components such as sensi- 
tizers, surfactants, stabilizers, etc. Other suitable sol- 
vents include methoxy-2-propanol, ethyl lactate, ethox- 
yethyl propionate or mixtures thereof which mixtures 
may include PM acetate. The solution is filtered 
through 0-2 /im membrane and spin applied on polymer 
underlayers, prebaked, followed by lithography to pat- 
tern the resist and then O2 RIE to transfer pattern into 
the underlayer. The resist films are stable to the envi- 
ronment and require no special precautions for han- 
dling, storage or processing. The resist films are also 
compatible with polyimide dielectric materials and lift 
off materials used as underlayers. 

These underlayer polymers include soluble polyi- 
mides for lift-off applications, such as polyimides carry- 
ing the hexafluoroisopropylidene (>C(CF3)2) group 
e,g., the polyimide formed from 6FDA/ODA polyamic 
acid precursor derived from 2,2'-bis-{3,4-dicarboxy- 
phenyl)-hexafluoropropane anhydride and 4,4'- 
oxydianiline (e.g., RC 2566 from DuPont), 



FiC. .CF3 



TOT TX /-<oWo; 



IX 



ly(p-hydroxybenzylsilsesquioxane) by partial esterifica- xhe fully imidized polyimide from a BTDA/DAPI 
tion reaction usmgDQSOza in a process similar to that polyamic acid precursor derived from 4,4'-benzo- 
descnbed above yields resist fihns havmg inferior prop- phenonetetracarboxylicdianhydride (BTDA) and 3-(4- 
erties. Particularly, these films show high sensitivity to aminophenyl)-l,l,3-trimethyl-5-aminoindane (DAPI) 
aqueous base and thus there is a major problem of pro- 45 (e.g., Probimide 284 from Ciba-Geigy), 




cess control in pattern development Such polymers 
also exhibit the problem of cracking, especially when 



polyimides derived from ODPA (4,4'-oxydiphthalic 
anhydride) and ODA (4,4'-oxydianiline, 3,4'-o.xydiani- 
Kne, or 3,3'-oxidianiline), 




XI 
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and polyimide dielectric including the low TCE polyi- proach, does not interfere with the intrinsic propoties 

mides typically those derived from biphenyltetracar- of the polyimide backbone chemistry, 

boxylicdianhydride-p-phenylenediamine (BPDA- Fabrication of planar multilayer metal structures 

PDA),BPI>A-benzidine, 3,3',4,4'-benzophenone tet- using polyimide insulator and bilayer process with the 

racarboxylicdianhydride-p-phenylene diamine (BTDA- 5 photosensitive O2 RIE barrier to pattern polyimide at 

PDA), or conventional polyimides aS those derived each level. 

from pyromellitic dianhydride-oxydianiline (PMDA- Metallization is carried out by plate-up, sputter depo- 

ODA), BTDA-ODA, and BTDA-APB-APA (3,3',4,4'- sition. or e-beam evaporation, foUowed by lift-off or by 

benzophenonetetracarboxylic dianhydride-amino- planarization for direct patterning of dielectric layers, 

phenoxybenzene-aminophenylacetylene). The low ^0 To build next level, an O2 etch stop layer is first formed 

TCE polyimides including BPDA-PDA are described previous level followed by second level poly- 

in U.S. Pat application, Ser. No. 07/503,401, filed Mar. . ^^V^r and the photosenative O2 RIE barrier layer 

30, 1990, now issued as U.S. Pat. No. 5,115,090 to Sach- comprising the benzykilsesquioxane resin-compc«itions 

dev, et al. of structure I. Again, bilayer process is used 

It has been observed that application of resist formu- 15 to define polyimide pattern which is metallized and 

lations comprising the photosensitive silicon-containing planarized as for the first level. Various etch stop candi- 

resist composition, such as poly-(p-hydroxybenzylsil- suitable for the purpose of this invention include: 

sesquioxane-co-p-methoxybenzyl-silsesquioxane-co-p- ^^^2, sputtered quartz, silicon nitride, chemical vapor 

(2Kiiazo-l-naphthoquinonesulfonyoxysilsesquioxane) deposit^ tetraethoxysilane (CVD TEOS), alternate 

over soluble polyimide layer causes no problem of sur- ^ plasma deposited organosilicons, hexamethyl didlazane, 

face crazing in the underlayer, even when the polyimide ^^^^^ tetramethyidisJazane, and vinyl trialkoxysilane 

layer is relatively diick, typically 10-15 pun. Also, un- or solution coat^i silicon-contammg resm, including 

Hke the sflicon-containing resists based on acid amplifi- ^ ^^1°^ * sdicon-contaimng polynnides. 

cation, the present resist is not sensitive to environmen- ^ polymude und^layers when 

tal contamiLits such as basic solvent vapors, typically Expendable Mask (or Liftoff) teclmique for de- 

NMP, which is also a common solvent for high ^or- metailurgic^ pattern m the the fabncaUon of 

, . . , ^. ^ ^ multilayer metal structures, 

mance polyimide coatu^ following examples are provided to iUustrate the 

Th2S characteristic of these new silicon-contammg ^ r _ , , * ^ . X. . . ^i^watc 

. ^ . J * r ^x^'i'^ •*? preferred mode of practicmg this invention; 

j.resists offers a unique advantage of compatibdity with ^ ^ f 

polyimide underlayers. The known silicon-containing EXAMPLE 1 

resists which are based on acid amplification mechanism ^ ^^^ poly(p-hydroxybenzylsilsesquioxane-co 
usmg omuin salts as phot<^ad generators camiot be p-niethoxybenzylsilsesquioxane<o.p-(2^o-l-naph- 
used m conjunction with polymude u^erlayers or pro- thoquinone^sulfonyloxy)benzylsiliUuioxane) having ' 
cessed m areas where solvent bke NMP is used, and 35 ^ oHcOCHs: OSO2DQ ratio as 45i*0:15. 
require speaal precautions m handhng sto^e and ^ poly(p.hydroxybenzyl silsesquioxane-co-p- 
processmg ar^ contaminants control. It has been found methoxybenzylsilsesquioxane) having a OHHXJHa ratio 
that acid amplified r^ists when proc^d under these ^f 60:40 was prepared according to the procedure of 
conditions or applied on top of 200 -250 C ^ U.S. Pat No. 4,745,169, and had a weight average mo- 
polyimide fihns (which may still have traces of NMP), 40 lecular weight 4000-5000. Relative ratio of the -OH 
suffer lithographic performance degradation and some- ^^d --OCH3 groups was determined by NMR analysis 
times complete inactivation. . jjj Acetone-d6 solution. 

The resist materials of the present invention have the ^ three neck flask equipped with an addition fun- 

foUowmg important characteristics: ^el, mechanical stirrer, and a thermometer, was added 

Films have very high O2 etch resistance in compari- 45 50 g (0.3OOI mole) of the starting material and 400 ml of 
son to polyimides or other polymer underlayers provid- reagent grade acetone. The mixture was stirred to dis- 
mg etch rate ratio greater than 1:30. solve, wanned to about 40"^5' C using a heating bath. 

Films can be patterned by broad band exposure, deep and 1 5 g (0.0574 mole) of 2-diazo-l-naphthoquinone-4. 
UV, i-line or g-line. The 4-sulfonate ester-DQ based sulfonyl chloride was added within 5 min with gentle 
systems are prefored for i-line and deep UV while the 50 stirring. When a clear solution was formed, an aqueous 
corresponding 5-isomer shows best performance under solution of sodium carbonate containing 5.9 g sodium 
g-line exposure. With broad-band exposure, either of carbonate (0.0556 mole) in 60 mL water was added 
the two isomers can be used for high resolution pattern. dropwise within 15-20 mm whUe maintaining reaction 

Resist sensitivity is several thnes greater than the temperature about 42"-45*' C. After complete addition 
diazonaphthoquinone-novolak based resists. 55 of the carbonate solution, the mixture was stirred for 

No adhesion promoter is required for coating of these 30-45 min at the same temperature and then for another 
resists on polyimide underlayers. 45 min with the heat source removed. The inorganic 

Important applications of the photosensitive O2 RIE solids formed during this time were removed by filtra- 
barrier according to this invention are in process simpli- tion through a coarse sintered glass funnel and the prod- 
fication for fabrication of multilayer metal structures, 60 uct was precipitated from the filtrate by dropwise addi- 
particularly thin film packaging structures, as repre- tion into acidified ice-cold water containing 18 mL 
sented in the following: cone. HQ in 4 liter of deionized water. The rate of 

Patterning of polyunide dielectric using bilayer pro- addition is adjusted such that a fine precipitate is formed 
cess as an alternative to more involved and expensive and not an agglomerated semisolid. The precipitate was 
techniques such as laser ablation or multilayer resist 65 collected by filtration, washed repeatedly with ice-cold 
(MLR) processes. deionized water till the filtrate had neutral pH. The 

Patterning of polyimide dielectric using bilayer pro- solid was air dried overnight and then vacuum dried to 
cess which unlike the photosensitive polyimide ap- constant weight. 
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EXAMPLE 2-5 



By similar synthesis, the following photosensitive 
silicon-containing resist compositions were prepared: 

PoIy(p-hydroxybenzylsiIsesquioxane-co-p-methoxy- 
b enzy l-siIsesq\iioxane-co-p-(2-diazo- 1 -naph- 
thoquinione-4-sulfonyloxy)benzylsilsesquioxane 
having an OH:OCH3:OS02DQ ratio of 
57.5:30:1Z5 (Example 2) 

Poly(p-hydroxybenzylsilsesquioxane-co-p-methoxy- 
benzyl-silsesqiuoxane-co-p(2-diazo-l-napthoqui- 
none-5-s\ilfonyloxy)ben2ylsiisesqmoxane) having 
an 0H:CX:H3;0S02DQ ratio of 57.5:30:12.5. (Ex- 
ample 3) 

Poly(p-hydroxyben2ylsilsesqnioxane-co-p-methox- 
ybenzylsilsesquioxane-co-p-{2-diazo- l-napthoqoii- 
none-5-sulfonyloxy)ben2ylsiIsesqtiioxane) having 
an OH:OCH3:OS02DQ ratio of 64.0:25.0:1 1.0 (Ex- 
ample 4) 

PolyO>-hydroxybenzylsilsesquioxane-co-p-methox- 
ybenzy Isilsesquioxane-co-p(2-diazo- 1 -napthoqui- 
none-5-sulfonyloxy) benzyl silsesquioxane) having 
an 0H:0CHy.0S02DQ ratio of 64.0:25.0:11.0 (Ex- 
ample 5) 



10 



15 



20 



of 0.1% soltition of AllOO as adhesion promoter) and 
subjected to a bake cycle involving 85* C for 30 min., 
150' C. for 30 min.. and 230*-240' C for 30 min, in a 
convection purged oven. Polyimide thickness after the 
bake was 11-12 pLm, A resist formulation was prepared 
by dissolving the photosensitive silicon-containing res- 
est composition of Example 4 in PM acetate. This for- 
mulation was filtered as described in Example 6 and 
spin applied over the polyimide layer at 2000 rpm for 
30-45 sec, and prebaked at 85* C for 15 min in an oven. 
Resist was pattemwise exposed to i-line (365 nm) at 75 
mJ/cm2 and developed with 0. 12N TMAH followed by 
thorough rinse with deionized water and blow drying 
with N2- Excellent qxiality resist patterns were formed 
with no evidence of resist thinning or adhesion failure. 

Prior to O2 RIE etch to transfer the resist pattern into 
the underlying polyimide, the patterned wafers were 
heated at 100"- 120* C. for 45-60 min in order to remove 
any trapped solvent, to cause densification of the resist 
film, and to thermally deactivate the naph- 
thoquinonediazido functional groups. This treatment 
was found to be particularly beneficial for RIE etch into 
thick underlayers since it results in minimal erosion of 
the resist mask even when extended RIE is necessary'. 



Table 2 shows the reactants for the resists of Exam- 25 Without the post-develop heat treatment, significant 
pies 1-5. The processing conditions were essentially the erosion of the resist layer was observed when etching 
same. into more than 5 ^m thick underlayers. (In some cases 

TABLE 2 



Benzylsilsesquioxane 



HO/ 



Example 




oh.<:h3 


acetone 


DQSO2CI 


NajCCV 


H2O 


H2O 


Number 


is) 


ratio 


(mL) 


(fi) 


(form) 


(g/mL) 


(ml/L) 


1 


50 


6^40 


400 


15.0 


2,1,4- 


5.9/60 


18/4 


2 


50 


70-30 


400 


U.5 


2.1,4- 


4.8/60 


15/4 


3 


50 


70-30 


400 


lt.5 


2,14- 


4.8/60 


15/4 


4 


75 


75:25 


550 


19:2 


2,1,4- 


7.5/80 


20/5 


5 


75 


75:25 


550 


19.2 


2.1,5- 


7^/80 


20/5 



The compounds were made and exhibited good litho- 
graphic properties as is seen in the following examples: 
Bilayer Lithographic Process: 40 

EXAMPLE 6 

A resist formulation was prepared by dissolving the 
photosensitive silicon-containing of Example 2 in prop- 
ylene glycol monomethylether acetate (PM-acetate) to 45 
form a 18% solution (w/w) and filtering through 0.2 
}xm membrane filter. 

Resist performance was tested with coating the resist 
formulation on silicon wafers. Typical thickness ob- 
tained was about 0. 5-0. 5 5 ftm at 2000 rpm spin speed. 50 
The films on sihcon wafers were prebaked at 85*-90* C 
for 2-3 min (hot plate) or oven bake at 85" C for 10-15 
min, and pattemwise exposed on Oriel exposure tool at 
about 50-60 mJ/cm^ dose. Immersion development of 
the exposed resist in 0.1 -0.1 5N tetramethyl ammonium 55 
hydroxide (TMAH) required 45-60 sec for complete 
removal of the resist formtilation in the exposed region 
with less than 5% thickness loss in the unexposed re- 
gion. Excellent quality residue-free images were ob- 
tained with no evidence of resist thinning or adhesion 60 
failure. 

EXAMPLE? 

Bilayer Lithography for Lift-off Metallization: 

A layer of a fiilly imidized soluble polyimide XU293 65 
(Ciba-Geigy*s Probimide) in gamma-butyrolactone so- 
lution was spin coated on a surface treated silicon wafer 
(by exposing to O2 plasma followed by spin application 



the resist pattern was baked up to 180* C. before O2 RIE 
etch into the underlayer). Subsequently, the resist pat- 
tern was transferred into the underlayer by O2 RIE in a 
Plasma-Therm-2400 RIE tool with 22" cathode (cooled 
to 23") at 750-1000 watts, 300 mTorr, and 200 SCCM 
O2 flow, with 40-50% overetch. This was followed by 
15-20 sec rinse in 10: 1 buffered HF to remove any resi- 
dues, thorough rinse in DI water, blow dry, and oven 
bake at 100" C. for 30 min. Microscopic examination 
and SEMs (scanning electron micrographs) of the 
etched patterns showed residue-free patterns with ex- 
cellent overhang profile for lift-off metallization, and no 
evidence of resist flow or image distortion. Metalliza- 
tion was carried out by blanket deposition of 200 A Cr 
and a thick layer of Cu followed by immersion in NMP 
with agitation at 85* C, when the lift-off stencil was 
removed leaving behind excellent quality metal pattern. 

EXAMPLES 

Bilayer Lithographic Process for Patterning Low TCE 
Polyimide BPDA-PDA Dielectric Layer on Ceramic 
Substrate 

A glass ceramic substrate was surface cleaned by 
exposing to O2 plasma for 10-15 min at 500 watts, stxr- 
facc treated with 0.1% solution of gamma-aminopropyl 
triethoxysilane (AllOO) in aqueous ethanol (typically 
95:5 EtOH;H20 ), and BPDA-PDA derived polyamic 
acid having solution viscosity about 29,000-32,000 ce^- 
tistokes (about 14.5% solids in NMP) was spin applied 
at 2000 rpm for 60 sec. This was followed by bake/cure 



11 



5,422,223 



12 



cycle as 85'-90' 0/45 min, 150' C/45 min, 230" C/30 
min, 300* C/30 min, and 350"-4OO' C/60 min to obtain 
10-12 fim thick fully cured low TCE polyimide film as 
underlayer. 

The resist solution of Example 6 was spin applied on 5 
the top of the polyimide at 1800 rpm/45 sec, and baked 
at 85" C. for 25 min in a convection oven. The resist was 
imagewise exposed using 75 mJ/cm^ i-Iine exposure 
dose, and developed with 0.12N TMAH for 45-55 sec 
followed by DI water rinse and blow dry. As described 10 
in example 8, prior to O2 RIE, the substrates were 
heated at 1 lO^-HO* C for 1 hr, and then the resist pat- 
tern was etch transferred into the underlayer by O2 RIE 
without subjecting to overetch- Any residues after the 
RIE were removed by 15-20 sec rinse in 10:1 buffered 15 
HF followed by DI water rinse and blow dry. Micro- 
scopic examination showed excellent quality polyimide 
patterns with no evidence of flow or distortion of resist 
images. Metallization of the polyimide patterns was 
carried out by sputter depositing 200 A Cr as adhesion 20 
layer and 1 ftm of Cu as seed layer followed by Cu 
plate-up and chemical-mechanical polishing, to form 
planarized structure such that the metal features are 
co-planar with the polyimide dielectric in-between 
these features. 25 

EXAMPLE 9 

Bilayer lithographic process for defining metal pattern 
into polyimide dielectric layer using a metal lift-off 
^method: Terminal via metal deposition. 30 

After buDding a multilayer thin film interconnect 
structure using polyimide dielectric and Cu or other 
high conductivity metal circuits, the terminal layer for 
joining metallurgy was formed as follows: 

The surface of the metal/polyimide structure was 35 
activated by O2 RIE for 2-4 min at 200-400 w and 
50-100 mTorr O2 pressure, followed by spin application 
of 0.1% AllOO in 95:5 ethanol-H20 to further modify 
the surface with adhesion promoter. For low TCE 
polyimide, BPDA-PDA polyamic acid precursor was 40 
applied and baked/cured to 380*-400* C in an inert 
ambient (N2 or forming gas) using the following thermal 
cycle: 85' for 30 min, to 150' for 30 min, to 230" for 30 
min to 300* for 30 min to 380* -400' for 46-60 min (the 
ramp rate between each temperature level was about 2" 45 
/min), to form a polyimide dielectric/insulator layer. 
Again, the polyimide is activated by O2 RIE and modi- 
fied by application of AllOO adhesion promoter. A 
lift-off polyimide (soluble polyimide) was then formed 
over the BPDA-PDA layer by spin applying XU 287, 50 
XU 293, or equivalent formulation of fully imidized 
Probimide series polyimide from Ciba Geigy, or 
RC2566 polyamic add and baking to 200*-230' C. The 
silicon containing photosensitive resist of Example 4, at 
20-22% solids in PM-Acetate, was then applied and 55 
dried/baked at 85* for 15-20 min in an oven. The resist 
was imagewise exposed at 50-75 mJ/cm^ using i-line, 
g-line or broadband exposure and developed in 0.12N 
TMAH for 30-40 sec, followed by thorough rinse with 
deionized water, and bake up to 110*-130' C. for 30-60 60 
min. The resist pattern was etched into the underiying 
lift-off polyimide and BPDA-PDA dielectric stack with 
over etch to create an overhang. Any residue after O2 
RIE was removed by 10-15 sec rinse in buffered HF 
(1:10 or 1:20) and thorough rinse with deionized water- 65 
This is followed by deposition of desired metallurgy 
corresponding to the thickness of the BPDA-PDA 
dielectric layer, such as Cr/Cu/>fi/Au or Cr/Cu/- 



Co/Au and metal lift-off operation by NMP soak (with 
agitation or ultrasonics if required), to obtain terminal 
metal in the BPDA-PDA passivation layer. Subsequent 
chip join operations complete the top surface structure 
build. 

Although this invention has been described with 
respect to specific embodiments the details thereof are 
not to be construed as limitations, for it wiU become 
apparent that various embodiments, changes and modi- 
fications may be resorted to with and departing from 
the spirit and scope thereof, and it is understood that 
such equivalent embodiments are intended to be in- 
cluded within the scope of this invention- 

We claim: 

1. A photosensitive silicon-containing resist composi- 
tion comprising a phenolic hydroxyl group containing 
siloxane polymer partially esterified with diazonaph- 
thoquinone groups selected from the group consisting 
of the poly(p-hydroxybenzyl-silsesquioxane-co-p- 
methoxybenzy l-silsesquioxane-co-p-(2-<iiazo- 1 -naph- 
thoquinonesulfonyloxy)silsesquioxane) represented by 
the formula 




the poly(p-hydroxyphenyl-siisesquioxane-co-p-methox- 
yphenyl-siIsesquioxane-co-p-(2-diazo-l-naph-, 
thoquinonesulfonyloxy)silsesquioxane) represented by 
the formula 



R3- 



I 

Si— O- 
I 

o 

I 

Si— O- 



I 



I 

Si— O— Si— O- 
I I 

0 O 

1 t 
Si— O— Si— O 



Ay* 

Si— oH— 

I 

o 

I 

Si— O-h-R* 



(H) 



and the poly (methyl-p-hydroxybenzylsiloxane-co- 
methyl-p-methoxybenzylsiloxane-co-methyl-p-(2- 
diazo-l-naphthoquinonesulfonyloxy)siloxane) repre- 
sented by the 



^CH3 ^ 


/ 


-Si— 0 — 




i 

CHzAr^ 






wherein 

(1) each Rl to group is individually selected from 
group consisting of H and Si(CH3)3, 

(2) each Arl to Ar^ group is individually selected 
from the group consisting of p-hydroxyphenyl, 
p-methoxyphenyl and p-(2-diazo-l-naph- 
thoquinonesulfonyloxy)phenyl, as represented re- 
spectively by the formulas 
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OSOiDQ 



SO that the molar ratio in said polymer of p-hydrox- 
yphenyl groups to p-methoxyphenyl groups to 
p(2-diazo-l-naphthoquiiionesulfonyloxy)phenyl 
groups is in the range from 75:20:5 to 30:50:20, 
(3) DQ is a 2-diazo-l-naphthoquinone-4 residue, a 
'2-dia20-l-naphthoquinone-5 residue as represented 
respectively by the formulas 



O (VU) 



5 



10 




(vin) 



15 

or mixtures thereof, and 

(4) n is an integer from 5 to 9, and 

(5) o and p are, independently, 0 or 1. 

2. The photosensitive silicon-containing resist com- 
20 position of claim 1 comprising the polybenzylsilsesqui- 

oxane polymer selected from the group consisting of 

poly-(p-hydroxybenzylsilsesquioxane-co-p-methox- 

yben2ylsilsesquioxane-co-p-(2-diazo-l-naphthoquinone- 

4- sulfonyloxy)-benzylsilsesquioxane) and 
25 poly-(p-hydroxybenzylsilsesquioxane-co-p-methox- 

ybenzylsilsesquioxane-co-p-{2-diazo-l-naphthoquinone- 

5- sulfonyloxy)-benzylsilsesquioxane)- 

3. The composition of claim 1 having weight average 
molecular weight of 4000-6000 with respect to polysty- 

30 rene standard- 

4. The photosensitive silicon-containing resist com- 
position of claim 1 which comprises 80-95% by weight 
of a solvent selected from the group consisting of prop- 
ylene glycol monomethyl ether acetate, methoxy-2- 

35 propanol, ethyl lactate, ethoxyethyl propionate and 
mixtures thereof. 

***** 



40 



45 



50 



55 



60 



65 



Patent & Utility Model Gazette DB 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 06-1 8431 1 

(43)Date of publication of application : 05.07.1994 



(51)Int.CI. 


C08G 77/38 


C08L 83/06 




G03F 7/075 



(21)Application number : 05-210073 



(22)Date of filing 



25.08.1993 



(71) Applicant : INTERNATL BUSINESS MACH 

CORP <IBM> 

(72) Inventor : BRUNSVOLD WILLIAM R 

JAGANNATHAN PREMLATHA 
MIURA STEVE S 
MONTGOMERY MELVIN W 
SACHDEV HARBANS S 
SOORIYAKUMARAN RATNAM 



(30)Priority 

Priority number : 92 943086 Priority date : 10.09.1992 Priority country : US 




(54) PROCESS FOR PRODUCING ACID SENSITIVE POLYMER AND PHOTO RESIST 
STRUCTURE 

(57)Abstract: 

PURPOSE: To form a positive photo resist exhibiting 
high sensitivity and resolution and capable of 
developing in an alkaline aqueous solution free from 
metal ions by adding a photosensitive acid generator 
to an arylsilsesquioxane polymer with acid sensitive 
pendant groups. 

CONSTITUTION: By adding a photosensitive acid 
generator (preferably 

trifIuoromethylsulfonyloxybicyclo[2.2.1]-hepto-5-1- 
2,3-dicarboxyimide) to an arylsilsesquioxane polymer 
with an acid sensitive pendant group of the formula 
(wherein (m) is 0 or 1; (n) is 3 or more; at least 15% 
of R represents t- butyloxycarbonyl and the other 
part of R represents H or t-butyloxycarbonyl). a 
positive silicon-containing photo resist, which 
exhibits high sensitivity to DUV, e-beam, X-ray 

exposure system and is capable of developing in an [.^^ ;^uct: i^uitv ^ r/(p; 

alkaline aqueous solution containing no metal ion, is 
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